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                                           ABSTRACT OF THESIS 
 
 
 
FAULT SECTION IDENTIFICATION FOR POWER DISTRIBUTION SYSTEMS                                                  
USING ONLINE MEASUREMENTS 
 
 
Fault location is very important for distribution systems, and quickly identifying the fault 
and restoring the system can help reduce the outage time and make the system more 
reliable. In this thesis, a method for locating faults on distribution systems is introduced 
to quickly identify the faulted feeder sections by using the overcurrent information from 
the switches in the system. Fuzzy logic is utilized. The proposed method can quickly and 
accurately locate faulted sections with different fault locations, fault types and fault 
resistances. The method is applicable to cases with single-faults or multi-faults, and is 
applicable to networks with multi-sources. The case study has demonstrated the 
effectiveness of the proposed method. 
KEYWORDS power distribution system, faulted feeder section identification, 
overcurrent 
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CHAPTER 1 INTRODUCTION 
1.1Distribution Systems  
Distribution systems connect the electrical power systems to customers. It carries 
electricity from the transmission system to individual consumers [1]. The distribution 
systems play an important role in the electrical power systems.  
 
Figure 1.1 shows the single-line distribution. It has a main feeder section and two 
branches. If this system experiences a short-circuit fault at a random location in the 
system, we can see that the monitored bus will experience voltage changes. We know that 
the lines and branches are very complicated in the distribution networks, and it costs time 
and is very difficult to accurately locate the faults when they occur. There have been 
various techniques based on voltage change to locate the fault at distribution systems in 
Substation 
 
3 
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8 
     Monitored bus 
Branch 1 
Branch 2 
Figure 1.1 Single-line diagram of distribution system 
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the past years. This research is applying the current information from the switching 
devices in the distribution systems to identify the faulted feeder sections. Case 
simulations will show that this method is effective in identifying the faulted feeder 
section.  
1.2Purpose 
 The distribution systems are very important in power systems today. The benefits 
of the distribution systems make them applicable around the world. The method in which 
the distributed generator is connected to the distributed feeder in order to supply the 
power is currently being developed. During the fault conditions, there are impacts on the 
feeder sections which then impact the operation of the system. We need to identify the 
faulted feeder section in distribution systems to make sure the system works safely and 
reliably for users [2]. 
In this research, we know when a fault occurs in the distribution system. In order 
to restore devices, it is important to quickly and accurately locate the fault. The purpose 
of this research is using overcurrent information from switching devices to identify the 
faulted feeder section in distribution systems. This method will be the quick way to locate 
the fault to restore the services for the customers. The single-source or multiple source 
configurations can apply to use this method to identify the fault in this research.  
More specifically, using the overcurrent information from the switch devices has 
lots of advantages such as eliminating the iterative steps for multiple sources, obtaining 
the sum currents flow into a feeder section, and comparing the sum with the specified 
threshold to get the accurate result. This thesis work proposes a fuzzy set based on fault 
3 
location methodology. It utilizes pre-fault current data from the feeder sections of the 
distribution systems and simulation results to analyze the faulted feeder section. 
 
1.3Fault Location Methods for Distribution System 
 
  There have been lots of different techniques to locate the fault in the distribution 
systems in recent years, such as impedance based methods, travelling wave based 
methods and artificial neural networks and matching approach and hybrid methods.   
All these techniques are developed to locate the fault in the distribution systems 
for the electrical systems, although there exist too many ways to identify the faults in the 
distribution systems, we need to quickly find the faulted section then restore the 
interrupted services for the customers [3]. There are breakers installed in the distribution 
systems to turn the circuits on and off and break the fault current. Moreover, some of the 
devices can gain the fault current then the devices can send the overcurrent status and 
direction of the fault current to the control center. Based on this information, we can use 
the fault current information to get the easy and quick way to identify the fault.  
 In this paper, it will focus on using overcurrent information from switching 
devices to identify the faulted feeder sections in distribution systems that is summing the 
currents flowing into the feeder sections and comparing the sum with the specified 
threshold. This paper uses the fuzzy set to analyze the faulted feeder sections. From the 
calculations on the data we get, the simulation will show this method is an effective way 
to identify the faulted section.  
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CHAPTER 2 FAULT LOCATION ALGORITHM REVIEW 
With the distribution systems directly connected to customers, the needs of fault 
location in distribution systems are growing. The distribution system is becoming more 
and more important in electrical power systems. There are a lot of fault location methods 
proposed in the past years [4]-[8] and researches have never stopped developing the 
method that is fast, accurate, and reliable for the distribution systems. All the methods are 
proposed to make the system more reliable for the customers.  
Fault location methods can be generally classified into three categories, which are 
impedance based method, knowledge based method and traveling wave based method. 
The impedance based method has been developed since 1980s. It is the classical fault 
location method that calculates the fault distance by using the voltage [11] and current 
gained from several ends of the line. While impedance based method seems very easy to 
locate the fault, but the distribution systems have a large number of laterals so the line, 
load, and the source parameters are the main factors of voltage and current. When there 
are multiple faults occurring in several laterals in distribution systems, locating the fault 
and eliminating the faults become difficult and less accurate.  
Different from the impedance based fault location method, the traveling wave 
based method has the advantage of high accuracy, less devices, and readily available 
data. The traveling wave based method can be passive or active with different reflections 
and transmissions of the fault generated traveling waves on the faulted power network. 
The distribution systems structure is very complex, it is not easy to identify the traveling 
5 
wave reflection and correctly locate the fault. We need to find a method to accurately and 
promptly locate the distribution systems faults. 
The knowledge based method has two parts, which can be expressed as Artificial 
Intelligence (AI) technology and distribution devices based method. Several AI 
technologies such as Artificial Neural Network (ANN) and Expert System (ES) have 
been proposed in some previous works. ANN-based algorithms have been implemented 
in power systems in recent years. The artificial neural network belongs to the knowledge 
based method, this method uses less time and makes less mistakes, but it also needs the 
training process time and needs to repeat the steps when the system changes.  
In recent years, the general methods for locating faults are aimed to reduce the 
iterative steps [5]. Researchers have found out some analytical methods to locate the 
section with fault [6]. These techniques are utilizing measurements of voltage and current 
quantities to get the fault location.  
In general, all the approaches [4] for locating faults aim to be fast and accurate. 
There are breakers and switches in the distribution systems that can provide overcurrent 
information, from which the faulted section can be identified based on the matrix method. 
This paper uses the fault current information [9] to identify the faulted section. The 
currents of the feeder section are harnessed to identify the faulted feeder section.  
This research extends [9] and also uses the fuzzy logic method [10] to enhance the 
accuracy of faulted feeder section identification. This new method in this thesis provides 
a solution for multiple source networks and locates the fault quickly. It can find out all 
the faults at one time regardless of the number of sources in the distribution systems.  
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CHAPTER 3 PROPOSED ALGORITHM 
3.1Background 
The algorithm shown in this text is developed from [9] using overcurrent 
information from switching devices to identify the fault feeder sections in distribution 
systems. Dr. Liao suggests using the actual current measurements and the fuzzy logic to 
extend the method in [9]. It is based on the connection of nodes and the direction of the 
feeder section matrix of the system. From the network matrix, we can know the 
relationship between feeders and nodes. The algorithm sums the currents flowing into a 
feeder section and compares the sum with a specified threshold. The algorithm is 
applicable to multi-source, multi-fault cases, and do not need to separately consider the 
fault which occurs on one branch of a T section or outside the T section. Moreover, fuzzy 
logic is utilized to deal with uncertainty in current measurements. In this work, it will 
focus on the multi-source, single-fault cases and the multiple-fault cases. Evaluation 
studies are performed to verify the effectiveness of the developed method.  
 
3.2Required Information 
All required data for the proposed algorithm is below:   
 
 Enough system information to construct the feeder and node matrix for 
the network analyzed 
7 
 Every current flow into the nodes can be extracted 
 The fault type, as determined by another algorithm 
 The specified threshold  
The system information needed to construct the network description matrix 
includes the direction of feeder sections between nodes. Every current flow into the nodes 
can be extracted; we can measure the current magnitudes from the switches. 
3.3Derivation 
For the purpose of derivation, if a fault is detected on the feeder section two 
which connects switch 1 to switch 2 of the sample system. The fault location happens in a 
feeder section 2, and switch 1 is the start node of feeder 2, switch 2 is the end node of 
feeder 2. Assume 1S  to obtain the feeder direction, suppose a fault occurs in feeder 
section two, the actual fault direction is shown in Figure 3.1. A network description 
matrix N  can be obtained from Figure 3.1.  
 













10
11
01
N                                                                                    (3. 1) 
  
Similar to the complex system, a network matrix N  is defined based on the 
connection of the nodes and direction of feeder sections [9] can be constructing, a fault 
vector  F  is obtained based on the fault current and designated feeder section direction.  
   TF 11                                                                                            (3. 2) 
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The faulted section identification vector is defined as  
          121  FNFS                                                                     (3. 3) 
For this simple system, the value of 122 FS , the section two is the faulted 
section. Based on the sum of the currents flowing into the switches, we can locate the 
feeder section fault by comparing it with a specified threshold.  
             21 IIF                                                                                     (3. 4) 
      2211 IIIIFNFS                                                            (3. 5) 
 
 
Figure 3.1 Simple system 
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3 1 2 
S2 
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Table 3.1 Main graphical elements in figures 
                                    Breaker 
                   Normally closed switch 
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                       Fault direction 
                             Section 
                               Fault 
3.3.1Constructing Network Description Matrix 
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Figure 3.2 Sample systems used in illustrating the proposed method 
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The first step in deriving the fault location algorithm is constructing the network 
description matrix for the distribution system based on the connection of nodes and the 
directions of feeder sections.   
From Figure 3.2, if node l  is the start node of the thk  feeder, then𝑁𝑘𝑙 = 1. If node 
l  is the end node of the thk feeder, then𝑁𝑘𝑙 = −1. if node l  is neither the start node nor 
the end node of the thk feeder, 𝑁𝑘𝑙 = 0.  then we can get the description matrix  N [9].  
  



































00010010
00100000
01101000
00000100
10000100
10011000
01000000
00000011
00000001
N                                               (3. 6 )                                                       
 
3.3.2Constructing the Fault Vector 
The second step in deriving the fault location algorithm is constructing the fault 
vector for the distribution system based on the direction of the fault current and feeder 
sections.    
From Figure 3.3[9], if the fault current is the same direction as the designated 
feeder section direction, then 𝐹𝑙 = 1. If the fault current is opposite to the designated 
feeder section direction, then 𝐹𝑙 = −1.  If the fault current does not flow through node, 
𝐹𝑙 = 0. Then we can get the fault vector  F [9]  of Figure 3.3.  
   TF 10111111                                          (3. 7 )                                                         
11 
 
 
Figure 3.3 Three-source network with a fault on section nine 
Following the listed approach, we can use the same method to get the fault vector 
of Figure 3.4.  
TF ]00100111[][                                          (3. 8)                                                                     
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  Figure 3.4 Three-source network with three faults on different sections 
3.3.3Constructing the Fault Section Identification Vector 
The faulted section identification vector is defined as     FNFS  .   
Figure 3.3  
 210101001][ FS                                              (3. 9)                                                            
This is a non-T section fault. If𝐹𝑆𝑘 ≥ 1, the
thk  feeder section is faulted; if 𝐹𝑆𝑘 <
1, the thk  feeder section is not faulted.  For this case,𝐹𝑆9 = 2, therefore, we know the 
section 9, between switch 5 and switch 2, are faulted. For a T section, 𝐹𝑆4 = 1.  We need 
to check whether or not  TF contains -1. If  TF contains at least one value of -1, it is not 
a fault, otherwise, it is a fault.   
For section 4: 
   10011000 TN                                                            (3.10)                                                                        
S1 
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   1TF                                                                                                                    (3.11) 
   10011000 TF                                                                               (3.12) 
From the inner product of  TN and  
T
F , there is a negative one in  TF , therefore 
the th4 feeder section is not faulted.   
Figure3.4 Three-source network has three faults on different sections: 
      111110001  FNFS                                                       (3.13) 
From the faulted section identification vector, the 5th, 7th, and 9th elements of  FS
are 1s. We can know the 5th and 9th feeder sections are faulted. The 7th section is a T 
section so we need to see  TF . 
   00000000TF                                                                                (3.14) 
For the  TF , there is no negative 1 in the second row. So the 7th feeder section is 
the faulted feeder section. 
3.3.4Modify the Fault Vector to Current Phasors through Switch 
When a fault occurs on the T section and the other fault occurs on another branch 
outside the T section at the same time, the fault current flows into the T section or outside 
the T section. Therefore, the method above may miss the fault within the T section. By 
summing the currents flow into a feeder section and then comparing it with a specified 
threshold, we know whether or not the feeder section is faulted. 
From Figure 3.3, we set the current flow into the switch vector  F  
 TIIIIIIIF 8654321 0][                                                  (3.15) 
 
14 
      5264383854211 00 IIIIIIIIIIIIIFNFS       
                                                                                                                                       (3.16)      
From Figure 3.4, we set the current flow into the switch vector  F  
   0000 6321 IIIIF                                                                       (3.17) 
      26633211 00 IIIIIIIIFNFS                                  (3.18)                           
3.3.5Single-source, Single-fault  
 
 
Figure 3.5 One-source network with a fault on section four 
There is a fault occurring on the 4th feeder section in this single-source system. 
The network matrix equation  N [9]: 
S1 
 
  
1 2 
  
5 1 2 9 4 
  
  
  
7 8 
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6 
3 
4 6 
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 



































00011010
00100000
01100000
00000100
10000100
10011000
01000000
00000011
00000001
N                                                           (3.19) 
             The fault vector : 
   TF 00010011                                                                               (3.20) 
             The faulted section identification vector: 
      TFNFS 000001001                                                     (3.21) 
            Since the 4th is the T section, the T section fault verification matrix is
   00000000TF                                                                             (3.22) 
           There is “1” in  FS  and no “-1” in the row of  TF  thus the 4th feeder section is 
faulted. Modify the fault vector to current magnitudes though Switch. 
   TIIIF 00000 521                                                                          (3.23) 
      525211 0000 IIIIIIFNFS                                          (3.24)           
The fault feeder section in the one-fault one-source system can be obtained by 
comparing every element of  FS  to the specified threshold.  
3.3.6Multi-source, Single fault  
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Figure 3.6 Two-source network with a fault on section four 
There is a fault occurring on the 4th feeder section in this two-source system. The 
fault vector is as following: 
   TF 10010111                                                                          (3.25) 
  Then the faulted section identification vector: 
      TFNFS 000102001                                                  (3.26) 
  Because the 4th section is a T section, the T section fault verification matrix is 
   00000000TF                                                                            (3.27) 
Because there is 2 in the  FS and no elements of the first row of  TF  are negative 
one, the 4th feeder section is a faulted section. Modify the fault vector to current 
magnitudes though Switch. 
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   85321 000 IIIIIF                                                                   (3.28) 
      5238385211 000 IIIIIIIIIIFNFS               (3.29) 
The fault feeder section in one-fault two-source system can be obtained by 
comparing every element of  FS  to the specified threshold.  
3.3.7Multi-source, multiple-fault  
 
 
There are three faults occurring on different feeder sections at the same time. The 
fault vector is as following: 
   TF 00100111                                                                         (3.30) 
  Then the faulted section identification vector: 
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Figure 3.7 Three-source network with three faults at different sections 
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      TFNFS 111110001                                                  (3.31) 
  The 5th, 7th and 9th elements of  FS are 1, so the 5th and 9th are the faulted feeder 
sections. The 7th feeder section is a T section, therefore, we need to see the T section fault 
verification matrix. 
   00000000TF                                                                             (3.32) 
  There is no negative one in the second row of  TF , so the 7th feeder section is 
identified as faulted. Modify the fault vector to current phasors through Switch. 
   TIIIIF 0000 6321                                                                   (3.33) 
      26633211 00 IIIIIIIIFNFS                                (3.34) 
Therefore, the fault feeder section in the three-fault three-source system can be 
obtained by comparing every element of  FS  to the specified threshold.  
3.4Fuzzy Formulation 
A fuzzy set based fault location method is proposed in this thesis work. It applies 
the current data from the switch devices of the distribution systems, and simulation 
results can be applied to analyze the faulted feeder section. In general, information, data 
and knowledge are all fuzzy functions in nature; it is possible that there is a different 
degree of uncertainty for the measured data. The summing current flowing into the feeder 
section results may contain some inaccuracy. Consequently, the problem of the fault 
location is figuring out how to have all of the available fuzzy data, information, and 
knowledge combined to locate the fault. 
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The theory of Fuzzy set is a solution for modeling and making decision progress 
of the uncertainty. It contributes to describing the appropriate definitions and fuzzy 
relations. The uncertainty can be described by the membership function  xu which 
shows the level of the relation uncertainty. 
3.4.1Membership function   
By matching the pre-fault feeder section currents that measured from the switch 
devices, the membership function can be determined. It is defined in Figure 3.8. ‘ ’ is 
the pre-fault feeder section current. 
 
Figure 3.8 Membership function of the pre-fault feeder section current 
Membership functions as specified in (3.35) 
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CHAPTER 4 EVALUATIVE SIMULATION 
4.1System 
A distribution network shown in the Figure 4.1 is chosen for this simulation.  The 
figure shows a simple distribution system for the fault location section identification. The 
sources and loads impedances are represented by boxes in Figure 4.2.  The three voltage 
sources have a grounded neutral. 
 
The length and type of each line segment is shown in Table 4.1.  Each line 
segment is modeled using the lumped transmission line model, excluding capacitance, 
because at these lengths, the capacitance to the ground is negligible. 
S1 
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7 8 
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load1 
Load2
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Figure 4.1 Simulated system 
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Table 4.1 Line Segment Parameters 
Line type Feeder section Length(mi) 
 
 
 
Main feeder 
1 
2 
9 
4 
7 
8 
1.9 
2.3 
1.6 
1.6 
1.2 
1.8 
 
Lateral 
5 
6 
3 
1.5 
1.8 
1.6 
 
The feeder impedance per mile for each type of line is defined in Table 4.2.  
These impedances are listed in the sequence domain, and the sequence impedances are 
equivalent no matter they are positive or negative. 
Table 4.2 Line Impedances by Type 
Line type Line impedance (Ω/mi) 
 
Main feeder 
[0.7982 + 0.4463i 0.3192 + 0.0327i 0.2849 - 0.0143i; 
0.3192 + 0.0328i 0.7891 + 0.4041i 0.3192 + 0.0328i; 
0.2849 – 0.0143i 0.3192 + 0.0328i 0.7982 + 0.4463i] 
 
 
 
Lateral(three 
phase) 
[1.2936 + 0.6713i 0.4871 + 0.2111i 0.4585 + 0.1521i; 
0.4871 + 0.2111i 1.3022 + 0.6326i 0.4871 + 0.2111i; 
0.4585 + 0.1521i 0.4871 + 0.2111i 1.2936 + 0.6713i] 
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The first segment between the generator and breaker 1 is simply the source 
impedance, as defined in Table 4.3.  Its positive sequence and negative sequence 
parameters have the same values. 
Table 4.3 Source impedance 
Source impedance (Ω) 
Zero-sequence 0.15 + j1.47 
Positive-sequence 0.23 + j2.10 
 
The nominal voltage for the three-phase loads is 12.47 kV. Each three-phase load 
is Y-grounded. Loads are defined in Table 4.4.  The power specified is the total apparent 
power utilized at a nominal voltage with a 0.9 power factor.  Loads are modeled as 
constant impedance.  The 3-phase loads are series R-L impedances connected in a 
grounded Y configuration.  
Table 4.4 Load Specification 
load type Power(kVA) 
1 
2 
3 
4 
5 
3-phase grounded Y 
3-phase grounded Y 
3-phase grounded Y 
3-phase grounded Y 
3-phase grounded Y 
450 
360 
300 
370 
400 
                                           
23 
4.2The Simulation 
            The Simulink simulation [12] for a fault occurring on feeder section 9 can be seen 
in the Figure 4.1. Faults on other segments are modeled in exactly the same way. 
            The algorithm (implemented in MATLAB) then uses the current magnitudes, 
along with the description matrix [N], to determine all plausible fault locations. 
  
 
Figure 4.2 Simulation model in Matlab 
24 
4.3Estimation Results 
            The simulations are executed in Simulink, and the algorithm for feeder section 
fault location is applied with MATLAB. For each simulation, a number of plausible fault 
locations are generated.  The following tables show simulation results for actual current 
values of phase A, B, and C. The results are presented in the tables and marked as such.   
 
4.3.1Multi-source, Single-fault Case  
Table 4.5 Pre-fault currents of the switches 
                                         Switch current (pre-fault) 
    Phase A (A)           Phase B (A)         Phase C (A) 
Iam1 37.90 Ibm1 38.24 Icm1 37.81 
Iam2 8.87 Ibm2 9.19 Icm2 8.77 
Iam3 34.81 Ibm3 35.00 Icm3 35.58 
Iam4 49.13 Ibm4 48.83 Icm4 48.52 
Iam5 14.34 Ibm5 14.06 Icm5 14.48 
Iam6 49.13 Ibm6 48.83 Icm6 48.52 
Iam7 25.77 Ibm7 25.79 Icm7 25.78 
Iam8 34.81 Ibm8 35.00 Icm8 35.58 
         
 Table 4.5 presents three-phase pre-fault current values of every switch. Measure 
the pre-fault current magnitude to calculate feeder section current network. 
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 Table 4.6 Pre-fault currents of the feeder sections 
Section current Phase A (A) Phase B (A) Phase C (A) 
1 - 1I  -37.90 -38.24 -37.81 
2 
21 II   29.03 29.05 29.04 
3 
7I  25.77 25.79 25.78 
4 
845 III   -69.60 -69.77 -69.62 
5 
38 II   0 0 0 
6 
3I  34.81 35.00 35.58 
7 
764 III   -25.77 -25.79 -25.78 
8 
6I  49.13 48.83 48.52 
9 
52 II   -5.47 -4.87 -5.71 
 
Table 4.6 presents three-phase pre-fault current values of every feeder section. 
Based on this table we can get the pre-fault member function of every feeder section and 
every phase in Figure 4.3, 4.4 and 4.5. 
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Figure 4.3 Membership function of phase A 
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Figure 4.4 Membership function of phase B 
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Figure 4.5 Membership function of phase C 
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Table 4.7, 4.8, 4.9, and 4.10 present the results under different fault conditions 
assuming that the faults occur on feeder section 9. The first two columns of Table 4.7, 
4.8, 4.9, and 4.10 list the actual fault types and the fault resistance. And the third, fourth, 
and fifth columns of Table 4.7, 4.8, 4.9, and 4.10 show the current values of switches 
with different phases.  
 Table 4.7 Switches current values assuming fault (AG) occurring on feeder section 9 
Fault 
type 
 
Fault 
resistance 
(Ω) 
Phase A  
Values 
  (A) 
Phase B 
Values 
  (A) 
Phase C  
Values 
  (A) 
 
 
 
 
 
 
 
 
 
LG 
  (AG) 
 
 
 
 
1 
 
 
 
1487.30 38.24 37.81 
1479.40 9.19 8.77 
649.14 35.00 35.58 
889.49 48.83 48.52 
1485.30 14.06 14.48 
889.49 48.83 48.52 
20.01 25.79 25.78 
649.14 35.00 35.58 
10 
 
446.48 38.24 37.81 
423.98 9.19 8.77 
206.87 35.00 35.58 
283.10 48.83 48.52 
428.77 14.06 14.48 
283.10 48.83 48.52 
24.59 25.79 25.78 
206.87 35.00 35.58 
100 
85.04 38.24 37.81 
57.54 9.19 8.77 
54.09 35.00 35.58 
74.70 48.83 48.52 
62.10 14.06 14.48 
74.70 48.83 48.52 
25.66 25.79 25.78 
54.09 35.00 35.58 
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Table 4.8 Switches current values assuming fault (BC) occurring on feeder section 9 
Fault 
type 
 
Fault 
resistance 
(Ω) 
Phase A  
Values 
  (A) 
Phase B 
Values 
  (A) 
Phase C  
Values 
  (A) 
 
 
 
 
 
LL 
  
(BC) 
 
 
 
 
 
 
 
 
 
        1 
37.90 862.93 861.05 
8.87 846.69 849.61 
34.81 455.10 451.13 
49.13 558.10 552.86 
14.34 961.19 955.80 
49.13 558.10 552.86 
25.77 23.10 21.45 
34.81 455.10 451.13 
 
 
 
10 
 
 
37.90 391.76 399.57 
8.87 372.92 375.75 
34.81 200.98 212.13 
49.13 254.59 267.92 
14.34 409.43 413.25 
49.13 254.59 267.29 
25.77 25.81 24.29 
34.81 200.98 212.13 
               
     Table 4.9 Switches current values assuming fault (BCG) occurring on section 9 
Fault 
type 
 
Fault 
resistance 
(Ω) 
Phase A  
Values 
  (A) 
Phase B 
Values 
  (A) 
Phase C  
Values 
  (A) 
 
 
LLG 
(BCG) 
1 
37.90 1740.50 1405.70 
8.87 1729.60 1396.50 
34.81 816.69 732.19 
49.13 1077.30 879.18 
14.34 1831.70 1559.5 
49.13 1077.30 879.18 
25.77 21.23 19.03 
34.81 816.69 732.19 
 
 
200 
 
 
37.90 1520.10 1505.60 
8.87 1520.10 1501.20 
34.81 756.07 750.16 
49.13 952.55 934.72 
14.34 1651.70 1637.10 
49.13 952.55 934.72 
25.77 23.16 18.81 
34.81 756.07 750.16 
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Table 4.10 Switches current values assuming fault (ABC) occurring on feeder section 9 
Fault 
type 
 
Fault 
resistance 
(Ω) 
Phase A  
Values 
  (A) 
Phase B 
Values 
  (A) 
Phase C  
Values 
  (A) 
LLL 
(ABC) 
 
1 
1671.9 1779.40 1710.40 
1662.5 1769.60 1700.70 
816.31 883.57 863.09 
1028.80 1114.80 1058.80 
1787.00 1937.70 1862.70 
1028.80 1114.80 1058.80 
19.52 19.33 19.19 
816.31 883.57 863.09 
10 
454.54 457.71 455.27 
430.75 433.53 431.20 
231.21 237.95 241.12 
295.49 302.82 298.52 
463.95 477.22 476.05 
295.49 302.82 298.52 
24.77 24.85 24.82 
231.21 237.95 241.12 
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Table 4.11, 4.12, 4.13, and 4.14 present the results of feeder section currents: 
 FS is the matrix  N  multiplied by the current faulted vector  F . The first two columns 
of Table 4.11, 4.12, 4.13, and 4.14 list the actual fault types and fault resistance. And the 
third, fourth, and fifth columns of Table 4.11, 4.12, 4.13, and 4.14 show the feeder 
sections current values with different phases.  
Table 4.11  FS results assuming fault (AG) occurring on feeder section 9 
Fault 
type 
 
Fault 
resistance 
(Ω) 
Phase A  
Values 
  (A) 
Phase B 
Values 
  (A) 
Phase C  
Values 
  (A) 
 
 
 
 
 
 
 
 
 
LG 
  (AG) 
 
 
 
 
1 
 
-1487.30 -38.24 -37.81 
7.90 29.05 29.04 
0 25.79 25.78 
53.30 -69.77 -69.62 
0 0 0 
-649.10 35.00 35.58 
0 -25.79 -25.78 
-889.00 48.83 48.52 
2964.70 -4.87 -5.71 
10 
 
-446.48 -38.24 -37.81 
22.50 29.05 29.04 
0 25.79 25.78 
61.20 -69.77 -69.62 
0 0 0 
-206.87 35.00 35.58 
0 -25.79 -25.78 
-283.10 48.83 48.52 
852.74 -4.87 -5.71 
100 
-85.04 -38.24 -37.81 
27.49 29.05 29.04 
0 25.79 25.78 
66.70 -69.77 -69.62 
0 0 0 
-54.09 35.00 35.58 
0 -25.79 -25.78 
-74.70 48.83 48.52 
119.64 -4.87 -5.71 
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Table 4.12  FS results assuming fault (BC) occurring on feeder section 9 
Fault 
type 
 
Fault 
resistance 
(Ω) 
Phase A  
Values 
  (A) 
Phase B 
Values 
  (A) 
Phase C  
Values 
  (A) 
 
 
 
 
 
LL 
  (BC) 
 
 
 
 
 
 
 
 
 
        1 
-37.90 -862.90 -861.10 
29.03 16.20 11.40 
25.77 0 0 
-69.60 52.00 48.20 
0 0 0 
34.81 -455.10 -451.10 
-25.77 0 0 
49.13 -558.10 -552.90 
-5.47 1807.90 1805.40 
 
 
 
10 
 
 
-37.90 -391.76 -399.57 
29.03 18.84 23.82 
25.77 0 0 
-69.60 46.14 66.80 
0 0 0 
34.81 -200.98 -212.13 
-25.77 0 0 
49.13 -254.59 -267.2912 
-5.47 782.35 789.00 
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Table 4.13  FS results assuming fault(BCG) occurring on feeder section 9 
Fault 
type 
 
Fault 
resistance 
(Ω) 
Phase A  
Values 
  (A) 
Phase B 
Values 
  (A) 
Phase C  
Values 
  (A) 
 
 
LLG 
(BCG) 
1 
-37.90 -1740.50 -1405.70 
29.03 10.90 9.20 
25.77 0 0 
-69.60 62.20 51.80 
0 0 0 
34.81 -816.70 -732.20 
-25.77 0 0 
49.13 -1077.30 -879.20 
-5.47 3561.40 2956.00 
 
 
200 
 
 
-37.90 -1520.10 -1505.60 
29.03 0 4.40 
25.77 0 0 
-69.60 56.90 47.70 
0 0 0 
34.81 -756.10 -750.20 
-25.77 0 0 
49.13 -952.50 -934.70 
-5.47 3171.80 3138.30 
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Table 4.14  FS results assuming fault (ABC) occurring on feeder section 9 
Fault 
type 
 
Fault 
resistance 
(Ω) 
Phase A  
Values 
  (A) 
Phase B 
Values 
  (A) 
Phase C  
Values 
  (A) 
LLL 
(ABC) 
 
 
 
1 
-1671.90 -1779.40 -1710.40 
9.40 9.80 9.70 
0 0 0 
58.10 60.70 59.20 
0 0 0 
-816.30 -883.60 -863.10 
0 0 0 
-1028.80 -1114.80 -1058.80 
3449.50 3707.20 3563.40 
10 
-454.54 -457.71 -455.27 
23.79 24.18 24.07 
0 0 0 
62.74 63.54 63.59 
0 0 0 
-231.21 -237.95 -241.12 
0 0 0 
-295.49 -302.82 -298.52 
894.70 910.76 907.25 
We can determine if the feeder section 9 is the fault section by comparing the 
feeder section values of Table 4.11, 4.12, 4.13, and 4.14 to the pre-fault feeder section 
values. If the feeder section values of Table 4.11, 4.12, 4.13, and 4.14 are much larger 
than the pre-fault feeder section values, we can say that this feeder section is faulted 
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Using the fuzzy method, from Table 4.15, 4.16, 4.17, and 4.18 we still can easily 
determine the fault feeder section is 9 because the  FS value is 1.  Different from the 
method of comparing the direct sum of the current flow into the switch and the threshold 
value, the fuzzy set uses membership function to calculate which is more effective. Using 
the fuzzy set method, we can clearly see that the fault feeder section is section 9.        
Table 4.15  FS  fuzzy set results assuming fault (AG) occurring on feeder section 9 
Fault 
type 
 
Fault 
resistance 
(Ω) 
Phase A  
Values 
  (A) 
Phase B 
Values 
  (A) 
Phase C  
Values 
  (A) 
 
 
 
 
 
 
 
 
 
LG 
  (AG) 
 
 
 
 
1 
 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
1 0 0 
 
 
 
10 
 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
1 0 0 
100 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
1 0 0 
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Table 4.16  FS  fuzzy set results assuming fault (BC) occurring on feeder section 9 
Fault 
type 
 
Fault 
resistance 
(Ω) 
Phase A  
Values 
  (A) 
Phase B 
Values 
  (A) 
Phase C  
Values 
  (A) 
 
 
 
 
 
LL 
  (BC) 
 
 
 
 
 
 
 
 
 
        1 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 1 1 
 
 
 
10 
 
 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 1 1 
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Table 4.17  FS  fuzzy set results assuming fault (BCG) occurring on feeder section 9 
Fault 
type 
 
Fault 
resistance 
(Ω) 
Phase A  
Values 
  (A) 
Phase B 
Values 
  (A) 
Phase C  
Values 
  (A) 
 
 
LLG 
(BCG) 
 
1 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 1 1 
 
 
200 
 
 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 1 1 
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Table 4.18  FS  fuzzy set results assuming fault (ABC) occurring on feeder section 9 
Fault 
type 
 
Fault 
resistance 
(Ω) 
Phase A  
Values 
  (A) 
Phase B 
Values 
  (A) 
Phase C  
Values 
  (A) 
LLL 
(ABC) 
 
 
 
1 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
1 1 1 
10 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
1 1 1 
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4.3.2Multi-source, Multiple-fault Case 
            Table 4.19, 4.20, 4.21, and 4.22 present the results at different fault conditions 
assuming that the faults occur on feeder sections 5, 7and 9. The first two columns of 
Table 4.19, 4.20, 4.21, and 4.20 are lists of the actual fault types and the fault resistances. 
And the third, fourth, and fifth columns of the Table 4.19, 4.20, 4.21, and 4.21 show the 
switches current values with different phases.  
Table 4.19 Switches current values assuming faults occurring on feeder section 5, 7 &9 
Fault 
type 
 
Fault 
resistance 
(Ω) 
Phase A  
Values 
  (A) 
Phase B 
Values 
  (A) 
Phase C  
Values 
  (A) 
 
 
 
 
 
 
 
 
 
LG 
  (AG) 
 
 
 
 
1 
 
1767.40 16.22 10.60 
1762.70 3.88 2.55 
4483.90 14.98 8.30 
74.94 20.34 14.77 
221.41 5.98 3.88 
2721.40 20.34 14.77 
6.88 10.94 7.14 
259.75 14.97 8.30 
10 
 
599.59 16.22 10.60 
579.38 3.88 2.55 
714.11 14.98 8.30 
321.60 20.34 14.77 
188.74 5.98 3.88 
321.60 20.34 14.77 
22.31 10.94 7.14 
77.95 14.97 8.30 
100 
107.85 16.22 10.60 
81.80 3.88 2.55 
119.93 14.98 8.30 
85.33 20.34 14.77 
38.43 5.98 3.88 
85.33 20.34 14.77 
25.46 10.94 7.14 
21.33 14.97 8.30 
 
41 
Table 4.20 Switches current values assuming faults occurring on feeder section 5, 7 &9 
Fault 
type 
 
Fault 
resistance 
(Ω) 
Phase A  
Values 
  (A) 
Phase B 
Values 
  (A) 
Phase C  
Values 
  (A) 
 
 
 
 
 
LL 
  (BC) 
 
 
 
 
 
 
 
 
 
        1 
7.31 1663.30 1628.90 
1.71 1653.40 1628.40 
8.24 2082.10 2066.00 
8.00 441.89 394.77 
2.76 246.97 242.70 
8.00 441.89 394.77 
4.96 18.88 8.53 
8.24 152.96 2066.00 
 
 
 
10 
 
 
37.90 607.29 610.60 
8.87 592.17 588.65 
34.81 718.72 724.97 
49.13 271.73 262.32 
14.34 161.90 164.57 
49.13 271.73 262.32 
25.77 26.11 20.87 
34.81 50.29 724.97 
 
Table 4.21 Switches current values assuming faults occurring on feeder section 5, 7 &9 
Fault 
type 
 
Fault 
resistance 
(Ω) 
Phase A  
Values 
  (A) 
Phase B 
Values 
  (A) 
Phase C  
Values 
  (A) 
 
 
LLG 
(BCG) 
1 
37.90 3365.00 3245.30 
8.87 3417.00 3274.00 
34.81 4424.20 4347.70 
49.13 2382.50 2304.30 
14.34 1061.20 1022.00 
49.13 2382.50 2304.30 
25.77 38.02 30.76 
34.81 1427.70 4347.70 
 
 
200 
 
 
37.90 3287.10 3283.10 
8.87 3339.10 3323.30 
34.81 4335.90 4387.50 
49.13 2322.60 2331.60 
14.34 1021.60 1047.60 
49.13 2322.60 2331.60 
25.77 37.98 34.41 
34.81 1409.10 4387.50 
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Table 4.22 Switches current values assuming faults occurring on feeder section 5, 7 &9 
Fault 
type 
 
Fault 
resistance 
(Ω) 
Phase A  
Values 
  (A) 
Phase B 
Values 
  (A) 
Phase C  
Values 
  (A) 
 
 
 
 
LLL 
(ABC) 
 
 
 
 
 
1 
1971.20 2110.70 2002.90 
1965.70 2105.10 1997.40 
4159.60 4116.00 4159.10 
36.17 26.45 16.80 
309.46 325.22 311.83 
2841.90 2958.00 2850.70 
7.27 7.42 7.37 
337.74 338.69 338.91 
10 
677.11 699.57 690.08 
656.33 678.39 668.82 
1163.70 1158.30 1166.90 
36.01 40.40 36.65 
205.57 200.56 202.94 
903.39 917.25 909.73 
22.35 22.60 22.59 
229.73 221.47 228.47 
 
 
 
 
 
 
 
 
 
 
        
43 
 Table 4.23, 4.24, 4.25, and 4.26 present the results of feeder section currents: 
 FS is the matrix N multiplied the current faulted vector  F . The first two columns of 
Table 4.23, 4.24, and 4.25, and 4.26 are lists of the actual fault types and the fault 
resistances. And the third, fourth, and fifth columns of the Table 4.23, 4.24, 4.25,and 4.26 
show the feeder sections current values with different phases. 
Table 4.23  FS results assuming faults occurring on feeder sections 5, 7&9 
Fault 
type 
 
Fault 
resistance 
(Ω) 
Phase A  
Values 
  (A) 
Phase B 
Values 
  (A) 
Phase C  
Values 
  (A) 
 
 
 
 
 
 
 
 
 
LG 
  (AG) 
 
 
 
 
1 
 
-1767.40 -16.22 -10.60 
4.70 12.34 8.05 
0 0 0 
0 0 0 
4483.90 14.98 8.30 
-4483.90 -14.98 -8.30 
2721.40 20.34 14.77 
-2721.40 -20.34 -14.77 
1762.70 3.88 2.55 
10 
 
-599.59 -16.22 -10.60 
20.21 12.34 8.05 
0 0 0 
0 0 0 
714.11 14.98 8.30 
-714.11 -14.98 -8.30 
321.60 20.34 14.77 
-321.60 -20.34 -14.77 
579.38 3.88 2.55 
100 
-107.85 -16.22 -10.60 
26.05 12.34 8.05 
0 0 0 
0 0 0 
119.93 14.98 8.30 
-119.93 -14.98 -8.30 
85.33 20.34 14.77 
-85.33 -20.34 -14.77 
81.80 3.88 2.55 
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Table 4.24  FS results assuming faults occurring on feeder sections 5, 7&9 
Fault 
type 
 
Fault 
resistance 
(Ω) 
Phase A  
Values 
  (A) 
Phase B 
Values 
  (A) 
Phase C  
Values 
  (A) 
 
 
 
 
 
LL 
  (BC) 
 
 
 
 
 
 
 
 
 
        1 
-7.31 -1663.30 -1628.90 
5.60 9.90 0.50 
0 0 0 
0 0 0 
8.24 2082.10 2066.00 
-8.24 -2082.10 -2066.00 
8.00 441.90 394.80 
-8.00 -441.90 -394.80 
1.71 1653.40 1628.40 
 
 
 
10 
 
 
-7.31 -907.29 -610.60 
5.60 15.12 21.95 
0 0 0 
0 0 0 
8.24 718.72 724.97 
-8.24 -718.72 -724.97 
8.00 271.73 262.32 
-8.00 -271.73 -262.32 
1.71 592.17 588.65 
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Table 4.25  FS results assuming faults occurring on feeder sections 5, 7&9 
Fault 
type 
 
Fault 
resistance 
(Ω) 
Phase A  
Values 
  (A) 
Phase B 
Values 
  (A) 
Phase C  
Values 
  (A) 
 
 
LLG 
(BCG) 
1 
-7.31 -3365.00 -3245.30 
5.60 -52.00 -28.70 
0 0 0 
0 0 0 
8.24 4424.20 4347.70 
-8.24 -4424.20 -4347.70 
8.00 2382.50 2304.30 
-8.00 -2382.50 -2304.30 
1.71 3417.00 3274.00 
 
 
200 
 
 
-7.31 -3287.20 -3283.10 
5.60 -51.90 -40.20 
0 0 0 
0 0 0 
8.24 4335.90 4387.50 
-8.24 -4335.90 -4387.50 
8.00 2322.60 2331.60 
-8.00 -2322.60 -2331.60 
1.71 3339.10 3323.30 
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Table 4.26  FS results assuming faults occurring on feeder sections 5, 7&9 
Fault 
type 
 
Fault 
resistance 
(Ω) 
Phase A  
Values 
  (A) 
Phase B 
Values 
  (A) 
Phase C  
Values 
  (A) 
LLL 
(ABC) 
 
 
 
1 
-1971.2 -2110.7 -2002.9 
5.50 5.60 5.50 
0 0 0 
0 0 0 
4159.6 4116.0 4.59.1 
-4159.6 -4116.0 -4159.1 
2841.9 2958.0 2850.7 
-2841.9 -2958.0 -2850.7 
1965.7 2105.1 1997.4 
10 
-677.10 -699.60 -690.10 
20.80 21.20 21.30 
0 0 0 
0 0 0 
1163.70 1158.30 1166.90 
-1163.70 -1158.30 -1166.90 
903.40 917.30 909.70 
-903.40 -917.30 -909.70 
656.30 678.40 668.80 
        
          We can easily determine the fault sections are section 5, 7 and 9 by comparing the 
feeder section values from Table 4.23, 4.24, 4.25 and 4.26 to the pre-fault values. 
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Table 4.27, 4.28, 4.29, and 4.30 show the fuzzy set results assuming faults 
occurring on feeder section 5, 7 and 9. We can still get the fault feeder sections from the 
results. No matter how many faults and no matter where the fault occurs, we can still use 
this method to locate the fault feeder section quickly.  
Table 4.27  FS fuzzy set results assuming faults occurring on feeder section 5, 7&9 
Fault 
type 
 
Fault 
resistance 
(Ω) 
Phase A  
Values 
  (A) 
Phase B 
Values 
  (A) 
Phase C  
Values 
  (A) 
 
 
 
 
 
 
 
 
 
LG 
  (AG) 
 
 
 
 
1 
 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
1 0 0 
0 0 0 
1 0 0 
0 0 0 
 1 0 0 
 
 
 
10 
 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
1 0 0 
0 0 0 
1 0 0 
0 0 0 
1 0 0 
100 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
1 0 0 
0 0 0 
1 0 0 
0 0 0 
1 0 0 
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Table 4.28  FS fuzzy set results assuming faults occurring on feeder section 5, 7&9 
Fault 
type 
 
Fault 
resistance 
(Ω) 
Phase A  
Values 
  (A) 
Phase B 
Values 
  (A) 
Phase C  
Values 
  (A) 
 
 
 
 
 
LL 
  (BC) 
 
 
 
 
 
 
 
 
 
        1 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 1 1 
0 0 0 
0 1 1 
0 0 0 
0 1 1 
 
 
 
10 
 
 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 1 1 
0 0 0 
0 1 1 
0 0 0 
0 1 1 
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Table 4.29  FS fuzzy set results assuming faults occurring on feeder section 5, 7&9 
Fault 
type 
 
Fault 
resistance 
(Ω) 
Phase A  
Values 
  (A) 
Phase B 
Values 
  (A) 
Phase C  
Values 
  (A) 
 
 
LLG 
(BCG) 
 
1 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 1 1 
0 0 0 
0 1 1 
0 0 0 
0 1 1 
 
 
200 
 
 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 1 1 
0 0 0 
0 1 1 
0 0 0 
0 1 1 
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Table 4.30  FS fuzzy set results assuming faults occurring on feeder section 5, 7&9 
Fault 
type 
 
Fault 
resistance 
(Ω) 
Phase A  
Values 
  (A) 
Phase B 
Values 
  (A) 
Phase C  
Values 
  (A) 
LLL 
(ABC) 
 
 
 
1 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
1 1 1 
0 0 0 
1 1 1 
0 0 0 
1 1 1 
10 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
1 1 1 
0 0 0 
1 1 1 
0 0 0 
1 1 1 
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CHAPTER 5 CONCLUSIONS 
The evaluation results demonstrate that the proposed approach for faulted feeder 
section identification is effective. If one fault or multiple faults occur on the feeder 
sections, we can obtain the result from the summing of the currents flowing into the 
feeder section and comparing them to a specified threshold. For different fault types, we 
still can decide the fault feeder section from the summing currents. For single line to 
ground fault type with the increasing fault resistances, the specified threshold may be 
hard to obtain using this method. Using fuzzy logic may mitigate this problem. This 
algorithm may be promising for locating the faulted feeder section in practical 
distribution systems. 
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